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ml volwne. Tn the gravimetrical determination 
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at 110-120°. The enleulating factor for ZrOg is 
equal to 1772. For the photometric actermination 
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TITLE: Study of the Behavior of Constructions by Experimenting With Mockups 


From Plastic Materials \? 
PERIODICAL; Studii si Cercetari de Mecanica Aplicata&, 1959, Nr 1, pp 151 - 172 (RUM) 


ABSTRACT: A new method of experimentation with reduced scale mockups has been 
developed for the studies and calculations of new construction types, 
The mockups can be made from the same material as the prototype or from 
some other material, The authors first pose the problem of similarity, 
indicate with "m'"' the elements of the mockup and with "p" that of the 
prototype, and establish the following scales: 


1 
scale of lengthes: ie a bo (1), 
scale of time: t o= = t (2) ; 

m t p 
1 

seale of unitary power: 6 = —>— - o, (3); 

1 ; 

Card 1/11 scale of move: Oo as r : oy (4); a 
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scale of elasticity modules: E = > eB (5). 
Each mockup is made for a certain type of stress, and the problems of 
similarity have to be examined only for the respective stress. The re- 
lations thus become more simple and easier to be solved, The authors 
then study the cases of a mockup made from the same material as the 
prototype, where E, » E, = E and 7 = 1: a) Static stress in the elastic 
zone: If the mockup is stressed only by external load, the relations 
between the mockup values and prototype values are: 
1 1 1 

Po§ Ema Epi Pn "ane *pi - “OA - 
If the stresses which provide from the proper weight are not neglectable, 
they have to respect the similarity relation: G. = ae _ G, thus =”, 
This case is not advantageous since the displacements are 
very small and difficult to be measured, In case the proper weight. has 
to be considered, the similarity relations are: 


1 1 1 § 1 
ae . goa F am A ; eee: (7) 
rn Pp Gin n Epi Pin AZ Poi m~ 72 6. oS va 
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b) Static stresses at heavy axial loads: The deformation scale has to 
be the same as the scale of the length: 


1 1 
no oa et 
and the similarity relations become: 
l c 1 
Paw Poh Ege Eye Papo Py Og = aS 5 (8) 


c) Static stresses in the elastic Plastical zone: It is necessary that 
Ch = O., thus @ =1, The similarity conditions are given in this case 
by” the rlations (8). a) Dynamic stresses: The inertial powers interfere 
in this case with the external stresses. Accepting the time (2), the 
acceleration ratio is: is te te a (9) 

m & NP 


and the inertial power ratio is: 


Since all forces which act on the system have to be in ratio with —L. ‘ 
Card 3/11 the scale of time is: T =. (Nr 10). If there are concentrated masses YO 
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(Ms M) on the construction, it is necessary that 


ta ‘on — 1 Rae (1: 
u te aN a3 : 

The authors then proceed to the examination of mockups made from some 
other material than the prototype. A good material has to be homogeneous 
and isotropic, to be easily processable, to have a relatively small 
elasticity module in order to supply easily measurable deformations, 
a) Statice stress in the Plastic zone: Using the scale of lengthes (1) 
and unitary power (3), results for the Seales of forces, extension and 
displacement: 

1 v T ; 
eae Fi Seger ei Cia war wee (12), 
The value of A is: % = p- A. (Nr 13). b) Static load at heavy axial 
stresses; The Similarity can be guaranteed if the influence of the 
proper weight can be neglected or 1s replaced by an externa} Stress By 
posing the condition: 5 m ee 1 


OP t, rn” 
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one obtains the supplementary relation: OA « Q@» and the relations 
lic 1 1 
6, er eae ae re) Be € 53 Pn EP Pp (14), 
ce) Statie stress in the elastic-plastical zone: To obtain a similarity 
between the bahavior of the mockup and the prototype in the elastic- 
plastical zone, there is a relation necessary between the elasticity 
modules of the materials used for the construction of the mockup and 
prototype (Figure 1): 


1 1 : 
0 eee E, (6) -—F &§ (6 ,) {ib} 
By knowing the values M and (> , the relations between the other: para- 
meters are: 
£ os ee P om i -P, 5 SAP (16) 
m a p m a@-x2 p m &+A p 
d) Dynamic stresses: Knowing the coefficients @ , P and 7, the 
acceleration ratio is: 7 ee td 
a —— 
m a ar Y~ 
Card 5/11 an the time scale: 
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Experiments with plastic mockups are being carried out in many 


foreign 
laboratories. The new Plastics allow the observation of the plastified 
zone by a aecoloration of the material. This method has been called 

/ "Chromoplasticity". Plastics used for the construction of: mockups are 
v Polyvinyl-chloride varieties, developed at the Institutul de eercetard 


"SDP-3" and "SDP-4" SDE - 
perfect elastic behavior for 6 <>», elasticity module at. bending: 
E = 36,000 kg/sq cm, Proportionality limit: go a 550 ke/sq em, flow 
limit: 6, = 600 ke/sq om. "SDP-1", becomes white if the tensiona) 
flow limit has been reached, Elasticity module at bending; 30,000 - 
36,000 kg/sq om, flow limit: at tension: 550 -~ 700 kg/sq cm, at com- 
Pression:600 - 800 kg/sq cm, at bending; 550 ~ 750 kg/sq em, The flo 
limit values within this interval, depend from the thermal treatment of 
the material, "SDP-2", "SDP-3" and "SDP-~4"; elasticity module at 

Card 6/11 bending: 20,000 - 35,000 kg/sq em, flow limit: at tension: 450 - 500 ke/sq cm, 
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Materials 


at bending: 480 - 600 kg/sq cm. ‘The values of the elasticity module and 
flow, depend from the thermal treatment of the material. "SDP-2", "SDP-3" 


Similar to the theoretical diagrams of Prandtl being almost perfectly 
@lastic for 6 <. © , and perfectly Plastic for 6 a o. (Figure 2). The 
first experiment has been carried out within the Chair of Mechanical 
Constructions of the Institutul de Constructii ( Institute of Constructions) 
in Bucharest with the "SDE" Plastic, by checking the frequency of the 
proper vibrations of a seven-story frame (Figure 4). The Plastic mockup 


has been built in a scale of 1:30. The concentrated masses have been re- 
duced to 1/40,000 and the time value scale was = _4 


d spars of 
the frame ig admissible, New Statical computation mathods of tower con- 7 
structions have been checked by another experiment [Ref 2, accompl {shed 
with "SDE" material, By using "spp-)" material, the moment of the 
appearance of the first Plastic Joint, the points of the appearance of 
the joint, their order and the computation of the bearing capacity have 
Card 7/11 been checked by a frame (Figure 6), loaded Symmetrically [Ref 2] Base IY 
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on & computation of G.I. Rozenblat [Ret a1, the appearance order of the 
Plastic joint Should be, as shown by Figure 6, According to the 2alcula- 
tion gt, the first order, the breaking load is 


Poe om eB > M, Sad 103 kg, cm, PL = 82.4 ke. 


periment was 76 kg. The. results obtained from mockups can be used for 
the construction of normal size if: 


1 
a re et 
if ae 


is equal for both, the mode} and the construction. Since this condition 
is not Satisfied, there is no similarity between the mockup and the con- 
Struction, which has an influence only upon the bearing capacity, The 


P = A AZ.» noe 
Card 8/ 11 rp ai —P_ 
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representing the influence of the ‘axial loads upon the bearing capacity 
of the frame. The 7 coefficient is 0.98 - 0,99 for the prototype and 
0.85 - 0.95 for the mockup, In case of a metal prototype with A = 50, 
E = 2,100,000 and 6. « 2,400, and a mockup of "SpP-1" with Oo« 

= 550ke/sq em, E, @ 36,000 kg/sq em, the following result is being ob- 


tained; 

le = 1,12, 

Um 
The experiment Supplies the appearance points of the plastic Joint, 
their order and the bearing capacity, Another experimental frame 
[Ref 5] 4s shown by Figure 8. Two mookups have been made, the one from 
SDP-2" and the other from "SDP-3", The results are shown by the table 
on page 162. A series of experiments have been conducted with photo- 
elasticity. Photoelastic mockups are made from "Dinox F-110", an optical 
active epoxy resin produced in Rumania [Ref 6]. The behavior of a girder 
with rectangular Roles made of "Spp-1" and of "Dinox F-110” has been 
studied simultaneously. The authors have examined; a) the bear ing 
capacity; b) the influence of the concentration of tension in the hole 

Card 9/11 corners upon the bearing capacity; c) the regions of entrance into the V 
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plastic zone; ad) the coincidence of these regions with the maximum stress, 
resulting from the photoelastic mockup. Mockup Nr 1 (Figure 10) has bos y 
thickness 6,5 im, | Square~shaped holes with the side » Gimension H’ 7s 
of solid section 3 x 6.5 mm, Mockup Nr 2 Figure 11) had Lo 7? 5, thickness 
6.5 mm, rectangular holes with +; base anc 4 height, dimenston of solid 
section # x 6.5 mm. The experimentation with mockup Nr 1 has proved that 
the loss of the bearing capacity of the bar was due to the unitary forces 
of tension in the lower section, in the region of the two central solid 
sections, Figure 12 shows the distribution of the tension in the elastic 
field. Accomplishing the calculations, P = 112 kg, at which the plastifi- 
cation has appeared, thus resulting for the "SDP-1" mockup; O = 530 ke/sq om, 
The calculation of the unitary tension force has been accomplished by con- 
sidering the value of the material band: T 0.1 = 5.25 kg/sq cm/om. The 
thickness of the mockup from "Dinox-110" was 5.5 mm and the power by which 
the isochromatic table has been established was P = 18.7 kg. The maximum 
tension has appeared not in the mainly stressed middle section but in the 
solid section, The experiment with mockup Nr 2 has proved that the loss of 
the bearing capacity was due to the shearing of the solid section (see 

Card 10/11 Figure 11). Regarding the bearing capacity, the loss has been produced at 
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SUBMITTED: 


Card 11/11 


the mockup Nr 1 at P = 125 kg and at mockup Nr 2 at P » 100 kg. Other 
experiments have been conducted with a curved bar exerted to horizontal 
symmetric forces (Figure 15) and a frame exerted to a horizontal force, 
Plastic materials allow a study of a wide range of problems, regarding 
the kind of loss of the bearing capacity. Chromoplastioity makes the 
direct detection of plastic deformation zones possible which cause the 
rupture, The experimental results have been checked by theoretical cal- 
culations and photo-elastical experimentations. Chromoplastic experiments 
are very simple and can be accomplished without special devices, except 
the load arrangement, 

There are: 22 photographs, 2 diagrams, 2 graphs and 6 references, 5 of 
which are Rumanian and 1 Russian, WV 


October 29, 1958 
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